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SCALY): Structured Computer-Aided Jogic Design*

Thomas M. McWiillams and Lawrence C. Widdoes, Jr.

Computer Scfence Department
Stanford Untyersity

and

Lawrence Livermore Labnoratory
Unlversity of California

SCALD, a graphics-hased hierarchical digital fogtc design system, is
desaiibed and an example of §ts use fs given. SCALD provides a
[ )
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deseription of a digital system, and produces outpul for computer-
aided manufacture of the system. SCALD has bren veed lit the
desigh of an operational, 15-MIPS, 5500-chlp ECL~10K processor.

1. Introy

SCALD (Stpctured Computer-Aided Logic Design) is a graphics-
based design system which allows digital systems to be designed In a
hieratchical manner. SGALD’s main goal is to reduce thc amount
of time required to design large digital systems, by allowing the
designer to express his design on the same level that he thinks about
it, frecing him from the task of actually drawing out all of the loglc
and creating a wire list. Designs expressed In this high-level
notalion become wnuch more understandable, both for clesigners
and for matntenance engineers.

SCALD's second important goal is to allow designs lo be recomplled
rapidly when new circuils become available, allowing designs to
repeatedly take maximal advantage of the exporential rates of
advance currently characterizing the semiconducter Industry. This
goal is achleved by expressing a design in terms of high-leve;
modules, which in the future may be haplemented as single 1Cs. In
practice, considerable work. may still be requited to update a design
to incorporate recent technobazy advances, but the required efiort Is
likely to be much less than If the desizn were not expressed
hierarchically.

SCALIY has beerr used to design a very high-priformance processor,
the S-I, shown in Figure 1-1, which is a 15 MIPS, 5300-chip
ECL-10%  machine. This design cxperience  has been  very
favorable; the entize processor was desigiied and implemented with
two fnan-years of effurt.

To provide a vehicle for the presentation of SCALD, the design
of a very simple processor has been carried thiough the Design
System. The top level of this design is represented in Figure
[-2 and Figure §-% The protesson consists of 2 register
file of 3G-bits by IG words, a i-~input, 26-bit muoltiplexer, 2 2G-bit
arithinetic-logic function generator, and a #a-bit accumulaior. The
microscquencer  shown In Figwe 1-3  controls  the  stmple
processor; It consists of an & -Lit counter and a contiul stere of 23 bits
by 256 words.

2. System Overview

SCALD takes as input a high-level desaiption of w digitel system,
and produces outpul for the colnptiter- manufacture of the
systern on wire wrap boards. Figme 2-1 shows the thice main
modules In SCALD. Input to the systen Is thiough the Stanford
University  Drawlzg  Systera (SUDS)  Graphlcs Fditor
{Helliweh 1992), which allows drawings to be entered directiy tn a
graphics Llerminal.

Al parts of SCALI except the SUNS Graphics Fditor are vritten In
PASCAT., and are therefore highly tanspmitable. The Macro
Expander (M) reads the eutput of SUNS, along with the hand-
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generated Iyout specification, expands the drawings into & connz-tion
list, and generates 2 number of listings o ald the designer. T'he ¥
Lister (W) inputs the connection list, a chip definitien fit:, and an ¢
board state, and produces a wrap/unwrap lisl, a run lst, dercribing
cach run (clectrically conaected net) in detail, 2 new board state, 2nd a
nuniber of sunymaties apd statistics.  Ghanges can be made to 2
CENEPR VNIRRT Rt LIRS Hig, uns sulnee it !
the entire SCALD System again; the Wire Lister then reads the o'd
board state, which specifies how Lhe system was consteucted before the
change, and outputs a niew Loard state”and a wrapfunwrap list, the
execution of which updates, the systcin to correspond to the new
drawings.

Tigure }-1
S-1 Mocessor
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Figure 1-2
Simple Processor Macro
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Processar Control Macro
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Figure 2-1

Main Modules in SCALD

3. Graphics Yditor

The hicrarchical logic diagrams are eniered into the SCALID system
using the Stanford University Drawing System (SUDS) Griphirs
Editor. Fxamples of logic diagrams drawn with SUDS are shown in
Fivine 19 and Vs o7 Thom 17 ........., I
graphics editor, wintten in assembly language, which runs on a PhHp-
10 cquipped with a 1cfreshed giaphics teiminal. The progiam s
controlled  with keyboard commands, and the cursor Is conirolied
either by a light pen, or by the keyboard.

The first step in using the SCALD Design System s to create a
libtary of common body definitions, such as those shown In Figure
31 The user has complete cantrol uver the appearante of a
Ludy. QOnce a Bibrary of bodies 13 created, drawings can use those
bulies. A body is positioned in a diawing by giving commands at
the keyboard which place it at the lo:ation specified by the cursor.
After badies have been thus positioned, commands are given which
connecl the bodies with lines, and place text on the lines. In general,
the user has complete control of the positioning and interconnection
of bacirs in a drawing. SUDS allows bused-through lines, that s,
Itnes which connect to a body and then pass invisibly under the body
(harizontally or verticaliy) ta exit on another side, and this capability
was found to be extremely useful in decreasing the clutter in
drawings. SUDS includes many commands which allow bodses and
lines to be casily moved, and has a macro facility which allows
repetitive suuciures 1o be drawn very quickly. Hard copy of
drawings is available from either a Xcrox Graphic Printer or a
plotter.

Dominant resource Utilization by the SUDS Graphics Editor during
the design of the S-1 amounted to 30 hours of KL-10 compute time,
and 1000 hours of graphics-terminal time spread over a periud of
one year.

The SUDS Graphics Editor outputs the drawings represented in a
text Macio Language. This test Macro Language serves as input o
the Macro Expander. It wonld be pussible 10 use a different
Graphies Lditor to supply mput to the SCALD Design System If
anolher program were written to translate the drawings lito the text
Macro Language.

4. Macro_Lapguage

A dcsign in SCALD consists of a set of nuicro definitions (macras),
which are expanded, starting from a disinguished top-level nacro
and continning downward until no macra temains which has a
definition (e, all remaming macros are available devices), to penerate
a wire list and all the necessary associated documentation for the
system Lieing desipned {the nliject machine). ‘These macro deflinttions
are entered ditectly inlo the SCALD data base using the SUDS
Graphics Tiditor.

Macro calls within a macro definition arc represented by apptapriare
Lodies  from the Dody Labary, and may be passed varous
parameters, the vatues of which differ from call to call. Conrections
between badies are made with hines, which represent signal ve tors
and may be named; identically named signals are implicily connected,
Signal vectars may be passed as parameiels to macros; the formal
name of a sipnal-vectar parameter passed o a macio is shewn o the
macju boady where the actual signal veclor conneds to the marrvo
Loy,

A macro can be called one or more times from other macras, but
cannot be called recursively, since SCALD aliows no conditional
expansion. The ability to define once a function which s uscd many
- times greatly jeduces the overall design time for a large object
machine; it reduces redundancy and thercby farilitates verification

Ty R T P L RN PO T PP AT IO

The use of macros (rather than bodies representing available devires)

«iIn the definition of the data path in an objcct machie results in a
greal reduction in the number of drawings requited and in the
density of bodies on the drawings. The object machine’s non-
repetitive {contiol) logic can be then distributed throughoeut the data
path, placing it near the logic it contrals, thereby enhancing the
overall understandability of the logic.

On the macro level, SCALI does nol distinguish Letween inputs and
outputs of devices or inacros. It is not untl after the marros are
expanded that the SCAI D System checks for runs with an itlegal
numbar of inputs or outputs. In gencral, each run must have exacily
one output, unless permussion is granted In the drawings (by the use
of a Wire-Or Body) for multiple outputs.

4.1 Signal Expressicns

SCALID allows signals to be grouped tagether to forin a slgna vectar,
represented by a single (possibly named) line in the drawings, For
example, the signal vector named "A<0:15>" represeits 16 siynals,
The general notation for the name of a signal vector s
"NAMIE<I:]>", where NAME is a string and | and ] are integers; by
convention, I is the high-order bit number, while J is the low-
order bit number. Signal vectors can be concatenated by wiiting a
colon Letween their names. A signal vector can be replicaled by
suffixing its name with an asterisk and a number; for exaraple, the
expression “A<Glex3" s equivalent 1o the  expression
"A <0.25:A <0:32:A <0:%>" Holes can be generated in i signal vector
by use of the special signal "£", a one-bit signal which 1s never
connected in the hardware; in the ECL- 10K Togic family used in the
design of the S-1 processor, an open input is a logic zcro.

Figure 1-2 contains an example of a complex signal expression:
"EXT QUT<%:3% : C QUT /M #3: 7x6" tepresents a ?6-hit vector,
where the high-order 27 bits are "EXT QU7 <9:35", the next % hits
are the local signal (see Section 4.2) "C QUT", and the low-order
G bits are not connected.

SCALD alto understands  primitive merger  badies.  Figure 1.9
contains a two-merger and a2 thiee-merger, which  concstenate,
respectively, two sighal vectors and three signal vectors, furming
farger vectors. The two-mnerger Is connected o the *1" input of the 4-
input multiplexer, and the three-merger is connacted to the "M, "8",
and "CI" inputs of the "3 BIT ALU 1Gi81% Mergers are uwed
where concalenation is needed, but proservation of the explicit
connectivity of the drawing is desired.

4.2 Signal Types

Signals In a macro dcfmition can be of three types: parameters,
focals, and glabals. = Subject lo limitations ¢f seape, slpgnals of (he
same name in any me dmplicitly connected tivoughowt all macro
defmitions.
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A macio definition must  always declare in a2 PARAMETER always have the same value. Signals in drawings are fogical

declaration all of the signal paramelers that will he passed to it, as
shown in Vigure 1-3. The parameter sighals declared must be the
same as those shown in the body at the call site; they are checked far
consistency.  Where a parameter signal is used, {ts name can
optionally have the string “/P" followm it at cach use, allowing
the macro expande; to check for cnn.ﬂsloucy. and improving
reaciability. The scope of a parameter signal is the enclosing macro
definliion.

A signat name followed Ly "/M" 1s & local signal; the scope of a local
signal Is the enclosing macro definition.

Glabal signals are those which have no “/M" or "/P" suffix, and
which are not contained in a PARAMETER declaration. This
syntax for specifying the type of glabal signals was found through
experimentahion to be superior ta the method of declaring all plobal
signals, as all variables are declared in AL GOL, first because sijnsl
names are coomnonly long, and also brecause most signals are u.wed
infrequenily, thus both the absolute and relutive overhead involved
i inaintaining the global declarations was found to be large.
Undeddared global signals have unlimited scope. The scope of ghihal
signals can be hmited to 2 subtiee in the dynanic call strucrure by
declaring them at the root of the desired subtice. In Figure 1-2, the
sighal "OUTPUT SIGN" is declared, anel thuiefore its scope s
limited 1o i< containing macre end (o all macres below il i the
dynamic call stiucture.

4.5 Verslans

In SCALD, there 1s a difference between a logical and a physical
signal. A physical signal Is simply a run in the ohject machine, bt
a loglcal slinal is a set of physical signals (versions) that essenttally

signals. For example, the logical signal "REG CK BUE M* in
ane 1-2 ix driven by a 10110 gate, which has thiee identical
outputs, thus thice physical versions. Each output is a different
physical signal; loads will be distributed among, the three outputs
when the ob ject machine 15 laid out.

4.4 Nigh-Low Drivers

In the ECL logic families, many functions have bath the true and
complementary outputs available. SCALD allows this functionality to
be fully utitized. In the definttion of a multiplexer chip, for example,
it is specified that the values of the select lines can be complernented
without affecting the function, If the inputs are permuted in a
particular way., When a multiplexer chip is tald ont, it can be laid
out in its rercrse form, and SCALD wiil automatically search to see |f
there Is an unused complementary output on the gate driving the
select line. I ro, SCALD will autarsatically uhiize i, permuting; the
inputs to the mnltiplexer as specified. In Fizure -3, for example, the
"361B 10{M" macro can be laid out with 18 bits Lemg diiven by the
true output of the gate on its select hine, and the other 18 bits being
driven by the compleraentary output.

This manner of representing high-low drivers , aud shnilarly, the
manner of allacating physcat versions, helps to mimimize the amonsnt
of informattn in the drawmgs which is not aclauad to the fogical
design, thus making the logical operation of the ohjact machine mote
apparent, and places the task of speafying whish parts are diiven
high and which patts are driven low in the layeut phase of the
design where il belongs, since this determunation muy depend heavily
on paositions of chips.



4.5 Macto Deflinition

There are two hasic types of macro definitions. Fhe first consists of a
complete defmiton, such as the "SIMPLE PROCESSOR™ macro.
The second 18 called an "XB" (X-Bxk) macro, which consists of the
definition of a single bit o hit-slice of a bit-wise symraetrical
functivn, and expands to a width given by a parameter in the macro
call.

A macro definition may have farmal signal parameters, throiigh
which are passed signal- vectors from the call sites. Al of the fanaal
sighad - paramcters of a macre must be exphcitly declared n a
PARAMETTR declaration, as shown in Figure 1-3. These formal
signal-vector parameter names must be the same as the signal names
which are wrilten an the macro budy, The width of a signal-veclor
is shown in the PARAMETER declaration, and is checked on each
call. Al signals with the same name within a given same scope, amd
all points connected logether with a hne, are wired togettier. I mare
than one siznal name 1s written on a line, then the sipnals are
synonyms, that is, all connections to cach such sigirat will be wired
tagether,

Macro definitions can consist of one or more pages, where a multiple-
pase maren hiac the &ame moren tiths ap rark nava

4.6 Macro Call
A macro call consists of a body which has:
- Anarbitary shape.

- Formal signal parameters for passing signal vectors to
the macio definition.

- A macro name.

- A label.

- A size parameter.

- A times parameter, .

To enhance the understandability of the drawings, different calls of
the same macio can have different shapes. For example, ft 15
common lu hiave two shapes for a macio, corresponding to its positive
and negative logic farms.

The Tonmal signal parameters of a macro are drawn around  the
cdges of the macro budy; each consists of a text string; and a point
for lines to attach toit. If a parameier Is an active low signal, then
the bady generally containg 1 dinmond at the point at which the
lines connedt, and the formal parameter in the definition consists of
the formal parameter shown in the call, with " L" appended 1o it to
Indicate that it is an active low signal

The macro name s a text string, which is normally placed in the
muddle of w macra shape; 1t can be more than one tine long, as
shown i Figure 1.2 (*36 BIT ALY 10181"). The maco name
connects the macro call with the appropriate masro definition.

The label Jr a text string, ako normally placed in the middle of a
macty shape. The label varies from call to call for a given macro
Lody; the labe) associated with each macro call must be unique within
the enclostng macro delimition. “I'he labels in Figure 1-2 are "GTL",
"R URE, CREY AT MY, TG, “G2" and "GA

The size paranicter is used only for calls on XB-type macro
definitions; the valoe of this parameter s of the fonn "nB", where "n"
is an integer repiesenting the number of bits in this pasticular macro
call. Speciil syntax in the XB-type macro definition allows SCALD
o create sighal names which have bit numbers inclirded in them.

The Limes parameter has a value of the furm where 'n
represents an Intepér. I a macro call has a times parameter of "na",
then the macro will be automaticslly calied ntimes, usine the rame
values of all parameters durmgs each call, making each label unioue
(by suffiniig), amd making all version designations within the calicd
macio unigue (also by suffising). This faabiy is used for calling
functions which must have large fanout without obscuring the logic
at the call site.

4.7 Terminal Cemponent
A terminal component calt consists of a body whicl: hiw:
- An abitrary shape.
- Pin names for connecting signals.
- A component name,
- A label

A terminal compaonent corresponds to cither all m part of a chip. Tt
can have different shapes at differcuit cail sites to enhitwe its
understandability.

Signals conncect to a terminal component aily at plis, which have pin
names which may be diffcrent from the actual pin numbers on an IC.

The component name gpecifies the chip type.

The label is used (o identify the component in the macro definition,
and must be unique ameng maao labels and tenininal component
labels within a macro definition,

4.8 Macro Expansion

W coatimant o8 e s sl evtensariman de s ee s Heas Atan o1 .
all of the pins cn tarminal components (o which vach signal conneds.
Each run on the hst is given 2 wmique name. A run name is of the
form "PATI]I _NAME SIGNAL. NAME".

SIGNAL. NAMF. is the name used in the inzcro d<finition tu refer 1o
the signal, except that the name generated for parameter signals is the
name of the signal which was passed when thie macio was called. 17
two or more signals are synonyms, then the name of the one which is
declared higher in the call structure is used, and if muhiple signals
vithin the same fevel are synonyms, then the one which cames first in
the alphabet is used.”

For a signal which is glubal throughout the entire systern,
PATH.NAMF is “TOP". For local and glohal ugnals which we
declared m & inacro, PATH.NAME is ceated by conzatenating, in
order, the label in each macro call (with periods between them) in the
expansion from the lop-level macra down to the nicro containing the
signal of intcresl.

4.9 Board Layout and Partitioning

During the macio-ckpansion pracess, cach  lermiral componcnt
generated is assigned a terminal path name, whizh is penerated by
concatenating, in order, the labels of all the macru calls in the pudh
down the expansion tree which generated the terminal companent
(scparated by periods), as weli as the fabel on the teiminal component.
Since cach label is inique within a macro definition, all terminal path
hames are unique,

SCALD inputs a fanguage which maps tenminal pith names o
boards and lo positions on Loairds. A companion paper, The SCALL
Physical Design Subsystom, deseribes in deta! the Language nwd o
construct the S-1 processor (which was manually taid-oul). In
general, the mapping function can be specified cither totally manually,
fully automalicaily, or by some combination of manual and aulomatic
techniques.

4.10 Text Form of Macro Language

The output of the SUDS ceditar i¢ a text forey of the Macro
Language, which s input to the Macia Fxpander. The text form of
the Simple Piozessor Macro 1s shown in Figine 4 10-1. The text
Macre Language contains exactly the information in the drawings,
but omits infermation al:out pasition and shape. l'or each macra
deflinition, it tonsiste of declarations which pive the file name 2nd
macra  name, follewed by PARAMEITIR, DECLARL, and
SYNONYRM dedarations. Fach body in the imazia definttion then
has an entry which gives edier the macro of terminal companent
name, the logical location fabel, and the acual spanals passed o cach
signal paramcter. SCALD automancally creates siznal naines for
unnamed signals carh such name inchudes a pereent sigpn to make It
different from nanes iput by the designer.
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RUG AILL0:%> /M, T=0eb: D> /1))

10174 (S120=308,L0C=H) (Tef<0: 35> Ji,EN Lo, 0LXT GUIFLT<0: 355, X 15T, 20
EXT OUTFUT<9:35> + C OUT /H ©3 1 2¢6,3eEXT ILPUT R3Sy, 5=
A SEL BUF«0:)> /iy

BHLEGE (0 (Le%2L 1Y 37, 0-F42H, TefiLll CTL<:5> /it};

3G BI1 BLU 016 (LOCAY (C1: 7271, S=Y320, B-3<01355 /N, NufcBi3> /0, Fx
1<0:3%> /7H,CO=R1ZT,Hesd2I)

LND;

Figure 4.10-1

Tt Vv neantztinn af Simnla Dreacs s Marra
LN !

K Outpyl Listings Generated

A number of output listings are gencrated to help in bath the design
and debupging of the hardware. The Macro Expander outputs a
directory of the macios used in a design, a listing winch shows all of
the places fram which a given marru is called, one which shows all of
the macvos which use a global signal, and a list of all of the macros
and terminal components called by each macro definltion, as shown in
Figure  5H-1 and  Figure 5-2. In order to aid in the
partitioning and layout of a system, SCALD provides an estimate of
the pumber and types of chips used by a given macro, generated
uslug simple heuristies ta account for the packing of multiple sections
of a glven type into a single chip. .

6. Conglusions,

SCALD has Lbeen used to design a bh00-chip ECL. processor (the S-
1), and m wlditien to basic facilities for hierarchical design, it
contalins many features which have been found to be essential cither
fur the wirlerstandability of the desipn or for the efficiency of tlie
machine. Amang such feaimes are the {ollowing:

- Language constructs for declaring and using local,
parameter and global signal vectors.

~ A mechanism for defining 1n a single drawing all
macios of identical structure but different width.

= Mechanisms for conveniently manipulating multiple
physical versions of the same logical signal.

- A mechanism which [acilitates the use of both
physical polaiities of a given logical signal.

- lLanguage  constructs  for  representing  bit-wise
symmetrical logic.

Structured logic desipn consists of exlending to logic design the
essential power of the concepts and the tools which have been
developed for simplifying the pregramming tagk; the savings in
human tabor expended in digitai systems design realizable by this
advance are petentially as great &s thase which he application of
compilers has caused In the specification of complex arithmetic and
logical comprutations,  Quar experience has shown tha the SCALD
Diesigne Sysaem has gieatly dnereased the inderstandability of the S-J
Pro.essm, thus reducing the deagn ciforl by a large factor, enhancang
desipn ennpeuness,  and facilitating the  genepatien of - final
documentation. The design iself scrves as a majer portion of the
final documentation because it 1s to readily understandable; ths, the
need  for  expensive  and aelatively  inaccurate ex post  fadio
docuinendation s greatly reduced, Futhermore, the SCALD Design

System has inceased the changeability of the des

inn; Sice macras ae
inherenidy wnbded, changes 1 oie macro definiion usaally reguine
mitmai changes in other parts of the design. Finally, the imposition
of structure on the design will faalitate machine verification; that s,
it will suppent simulation of the S-1 at a various levels above thr
chip levct.
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HACKO: PROCYEAGR COIIPOL HUKBER H
FILES) LE2iH2
cnLLeo 1 TINES FROM:  (ERNNY SIA'LL FROCISSOR #1

PRRANUTER  ALL CTL<C:Ss (1), @ STL<0:3x01), RE- AOR<Oi3>(1), REG KRITE L))

Locnt PRANCH M

LITeDi?202), CX72E2),

USING cLocr ),

(2}, BRAKCH KIG(2y, BE 21K f22<(2), HICRO INSTR«B:22>(8),
$Y5(2), 03.3<6:72(2)

EXT LORD €S GAYA.0122»(1), EXY LORD C5 WE LCL), EXT RESET(),

OUTHUT SIGH (LY

SYNONYH £l
RRARTH ALY
RRAINCH MG

RLG RUR.0; 3

Medi2> = HICKD IN3TRAD:7>

e HICHO INSTR«B>
s MICRD [M51F
3> = NICRD TWO TR« 10: L3>

RED WELTE L = PICRL [USIK. 14

ALY CIL <8155 = KiCED |

A 5El<8:1>

HACROS CALLED

c & BI¥ CTR
G275, R =
1] #101550 218
G2 =101050 #2€
63 MR 10)1BYV
(ZYeB: 2>,
R XR 2560 RA
l<X> e EXT
EXT LOAD C
CHIPS  LOCRI. SECS
23 13
2 0
! 1
H t
' & 8
DE

CLOCK

EXT 1HPUTLC: 35S

EXT LOAD (5 [ATReR:22>

EXT LOAD €5 ki L

EXT OUIPUT<2: 35

EXT RESLY

OUIFUY SIGH

A6: 28>
e2L122>

= HICKO IHS

10016 £11 ( CE « CUOCK, 1.0:7x « RR NOR<O:7>, PF L »
EXT FESST, MeP:7a = (V707274 )

{2 = G2Y5, & = RLANCH K G, S = OUTPUT SIGH )

Ze, 36713, & [-oN(HALH, 5« 6225)

212(515€28) { 3<¥> ® G373<r 1>, GcX> w , B<Xy »
Te¥s 2 )

M KRFO4Z £10(ST2L=03 ( £<0:7s ¢ G3X3eli?y, (S L e,
LOAD €S DATReE122>, Teks = KICRO INSTR<0122>, HE L »
s HE L)

TYPE

tBza42
10016
101C4R
101650
jelie

Figure 5-14
Summary Output Listing from Macro Expander

FINE/USIKG CROZS RLFEEERCE 0151

AUTDOFCL ., EX5
3IHG HAYE ] X s iLog2(D)
LExsal SINPLE PROTESSOR #1(2)

HHUEE AR YR} | SIHPL PROCESSER #)

UL NG LEXEMY SIAPLE PROCESSOR £1(1)
LLAEu? PROCESSGR CONIRGL 42
LJEXL 82 PROCESS0k COKTRAL #2¢(1)

RUTGOECL  LEXR D PROCESSOM C(NTRIL £2
vusing JFRE Y FROCESSOR CALTRCL #2(1)

RUTORECL L CwRt)
Using L]

SINPLE PROCESSRD 28
SIKPLE IFRQCLSS0R F1(R)

AUTSOECL LW D PROCFSSOR rONIE~L #2

Uslhi L2 PROCESSOR CONTINL #2(1)
Pl SINPLE FFOCESSL™ 21(8)
Jafng PROCESSOR CORT M, #2(])

JEXRTY SIMPLE FROLESSCE £3(1)

Ligure 5-2
Cross Referenca Outprizt Listing from Macro Lxpander




